Purification of 4S-limonene synthase, a monoterpene cyclase from the glandular trichomes of peppermint (Mentha x piperita) and spearmint (Mentha spicata).
The p-menthane monoterpenes of the Mentha species are biosynthesized from geranyl pyrophosphate via the monocyclic olefin 4S-limonene. A monoterpene cyclase was isolated from both Mentha x piperita (peppermint) and Mentha spicata (spearmint) that catalyzes the cyclization of geranyl pyrophosphate to 4S-limonene. This enzyme, 4S-limonene synthase, was purified to apparent homogeneity by dye ligand, anion exchange, and hydrophobic interaction chromatography. Since the monoterpenes of Mentha are synthesized and secreted in modified epidermal hairs called glandular trichomes, an extract of isolated glandular trichome cells was used as the source of this enzyme. A combination of gel permeation chromatography and sodium dodecyl sulfate-polyacrylamide gel electrophoresis showed that purified 4S-limonene synthase had a native molecular weight of 56,000 and was monomeric. The principal product of the enzyme was enantiomerically pure (-)-4S-limonene, and a catalytic constant of 0.3/s was determined. The basic properties of 4S-limonene synthase from both M. x piperita and M. spicata are identical and, in general, are similar to those of other monoterpene, sesquiterpene, and diterpene cyclases isolated from microorganisms and higher plants.